A study was conducted to determine the effect of serving capacity (SC) on sexual behavior of yearling bulls during single-and double-sire pasture matings. Approximately 60 crossbred virgin bulls were subjected to 3 SC tests, and 20 bulls were selected that were similar in age, BW, testes size and semen quality. Ten bulls were high SC (>3 services/ test) and 10 bulls were low SC (<2 services/test). Competitive order among the 20 bulls also was determined. Single-sire tests were conducted with 15 intact estrual heifers and 1 bull in a pasture for 6 h. Double-sire tests were conducted with 30 estrus-induced, ovariectomized heifers and 1 high SC and 1 low SC bull of approximately equal competitive order for 6 h. Bulls in double-sire tests had more (P < .007) mounts than those in single-sire tests. High SC bulls in double-sire tests served more heifers (P < .04) and had more services (P < .04) than any other SC group and test type. There was no difference (P > .10) in the number of mounts or services between high and low SC bulls in single-sire tests. High SC bulls had a greater (P < .002) percentage of mounts that culminated in a service that did low SC bulls. Conception rate was not different (P > .10) between SC groups in single-sire tests. These results indicate that high and low SC bulls can achieve similar amounts of mating activity in single-sire mating, whereas high SC bulls will serve more females in a double-sire mating system.
Introduction
In the U.S. beef cattle industry today, greater than 95% of the pregnancies achieved each year are due to natural mating. A large percentage of the bulls used for natural mating are marketed as yearlings. Wide variation exists in the serving capacity (SC) of bulls of the same age and breed with acceptable semen quality and scrotal circumference (Blockey, 1978; Lunstra, 1986) . Many bulls are sold with performance information and semen quality information, but in almost all cases buyers are unaware of the bull's reproductive potential 1The authors would like to acknowledge AI Kruger, Steve Furman and Tom Garvin for assisting in collection of data and handling animals.
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3ARS, Roman L. Hruska U.S. Meat Anita. Res. Center. Received January 17, 1989 . Accepted April 10, 1989 (desire and ability to service estrual females), a trait that can have a profound impact on herd fertility (Blockey, 1978; Lunstra, 1986) . Little work has been done to determine the relationship between SC and fertility of beef bulls. Makarechian and Farid (1985) reported that libido score had a high positive correlation with fertility in yearling beef bulls. Boyd et al. (1989) reported that there was no difference in conception rate between high and low SC bulls in pasture situations. Lunstra (1986) reported that high and medium SC bulls had higher conception rates than low SC bulls when exposed to 50 cycling heifers for 20 d.
There are few data available that relate SC of yearling beef bulls with social rank and sexual behavior in both single-sire and multipie-sire pasture matings. Social dominance in cattle is influenced by both age and weight (Blockey, 1979) . Rupp et al. (1977) found that a dominant bull will inhibit the serving capacity of a subordinate bull. Blockey (1979) reported that social dominance order was not 2897 stable in bulls younger than 3 yr of age. In cattle of similar ages, BW had little influence on social ranking (Collis, 1976) . The present study was designed to evaluate the relationship among SC, competitive order, fertility and sexual behavior of yearling beef bulls in single-or double-sire pasture mating systems.
Materials and Methods
Animal Selection. Sixty yearling crossbred bulls (1/4 Angus x 1/4 Hereford x 1/4 Red Poll x 1/4 Pinzgauer) were subjected to three SC tests at 4-d intervals. The bulls had no exposure to females since weaning and were maintained as one group. Serving capacity tests were conducted by placing four to five bulls in a test pen (8 m x 16 m) with four restrained, estrus-induced, ovariectomized heifers for 30 min (Lunstra, 1980 ). Prior to being tested, each group of bulls was allowed to observe mounting and mating activity in the test pen for 30 min from an adjacent pen. During the tests, the number of mounts not culminating in a service and services achieved by each bull were recorded. During each test one person observed the bulls and monitored activities, while two other people recorded events indicated by the observer. After the first test, all bulls achieving <2 services were placed in a paddock (50 m x 60 m) containing estrus-induced, ovariectomized heifers for 3 d to give the bulls additional experience (Boyd and Corah, 1988) . New estrual heifers were added to the group each day.
Three days after the third SC test, semen was collected from each bull by electroejaculation on two consecutive days. Semen was evaluated for concentration, percentage of motile cells, percentage of live cells and morphology (intact acrosomes and cytoplasmic droplets). On the 1st d of semen collection, BW, hip height, scrotal circumference and right and left testis length were measured. Paired testis volume was calculated using scrotal circumference and average testis length (Lunstra et al., 1988) .
Twenty bulls were selected out of the group that were similar in age, BW, hip height, testes size and semen quality ( Table 1) . Ten of the bulls were classified as high SC bulls (_>3 services/test) and 10 were classified as low SC bulls (<2 services/test) based on the results of the three SC tests.
Competitive Order Tests. One week after the second semen collection, competitive order evaluations were conducted on the 20 bulls. Bulls were split into groups of three or four and feed and water were withheld overnight (12 to 18 h). On the following day, two of the groups of bulls were placed in a pen with access to water restricted to only one bull at a c'dMeans within a row with different superscripts differ (P < .01301).
ePooled standard error of group means.
time. The bulls were observed for 20 min and the order and frequency of which bulls gained and controlled access to the water was recorded. Tests were conducted every other day over an 11-d period until all groups of bulls were tested against each other. The bulls were split into the same subgroups for each day of testing. Each bull was assigned a competitive order number, based on the frequency and duration of the times the bull controlled the water source, with 1 being the most competitive bull and 20 being the least competitive bull. Pasture Behavior Tests. Bulls were tested in single-sire and double-sire pasture tests during June at a bull:estrual female ratio of 1:15. Bulls were paired so that each pair contained a high SC bull and a low SC bull, and the difference in competitive order number between bulls in a pair was kept as small as possible across all pairs of bulls. This was done to avoid pairing bulls that were vastly different in competitive order. Single-sire tests were conducted in two adjacent 21-ha bromegrass pastures. Two groups of yearling heifers (150/group) were given prostaglandin 4 injections 11 d apart to provide estrual females on days of single-sire tests. Females were observed for estrus on the morning of each day of testing, and 15 females in standing estrus were placed in each pasture, along with 10 pregnant cows of similar size. One bull was placed in each pasture and observed for 6 h. Double-sire tests were conducted on each pair of bulls 3 d after they had been tested as single sires. Tests were conducted in one 21-ha pasture. Thirty estrus-induced, ovariectomized heifers and 20 pregnant cows were placed in the pasture. The pair of bulls was placed in the pasture and observed for 6 h.
Each test pasture contained a water supply and had an observation tower (15 m high) in the center. Two observers were present on each tower to record data. Behavioral events recorded during each test included the number of mounts not culminating in a service and services achieved by each bull. In the doublesire tests, any aggression between the two bulls also was recorded. The number of aggressive events between bulls was minimal and was not 4Lutalyse, Upjohn Veterinary Products, Inc., Kalamazoo, MI. used in the analysis. Each bull was fitted with a pedometer to measure the distance traveled during tests. Every bull had its own pedometer that had been calibrated for that specific bull. Pasture tests were conducted over a 27-d period, and tests began no later than 0830 each day.
Ten days after the last pasture test, all 20 bulls were subjected to three SC tests as previously described. Semen evaluations, BW, hip height and testis size were collected 3 d after the SC tests. Competitive order was also reevaluated at this time using the technique previously described.
Statistical Analysis. Semen traits, body and testis measurements, SC test results and competitive order test results were analyzed by General Linear Model least squares analysis of variance techniques (SAS, 1985) . The model included SC group and time of data collection (before or after pasture tests) and the interaction in the sub-plot. The whole-plot model contained SC group and used bull within SC group as the error term. The number of events (mounts, services) during pasture tests was analyzed using SC group, test type (single or double sire), and the interactions in the model. Fertility data were analyzed for the single-sire tests using only SC group in the model. Fertility data included conception rate, which was calculated as the proportion of estrual heifers serviced that became pregnant. Pregnancy was verified by rectal palpation 60 d after breeding, and date of conception was confn-med by calving dates. Means were separated using the predicted difference (PDIFF) option of GLM.
Results
The 20 bulls that were selected were similar in all traits except for mounts and services during the first three SC tests (Table 1) . The high SC bulls had fewer (P < .0001) mounts and more (P < .0001) services than the low SC bulls. There was no difference (P > .10) in average competitive order number between the two groups of bulls.
In pasture tests, there were more (P < .007) mounts during the double-sire tests than during the single-sire tests (Table 2) , in both high and low SC bulls. The high SC bulls had more (P < .04) services than low SC bulls in the double-sire test, whereas there was no difference (P > .10) between SC groups in the .04).
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single-sire tests. High SC bulls had a greater (P < .002) efficiency of services than the low SC bulls in both test types. The mounts:service ratio was lower (P < .002) in the high SC bulls in both test types. The high SC bulls in the double-sire tests serviced more (P < .04) heifers than did the low SC bulls, whereas there was no difference (P > .10) between SC groups in the single-sire tests. There was no difference (P > .10) between SC groups or test types in the number of services per heifer served or distance traveled by the bull during the tests. Fertility of the bull was not influenced by SC group in the single-sire tests. The percentage of estrual heifers serviced, percentage of estrual heifers that conceived and the percentage of heifers serviced that conceived were not different (P > .10) between high and low SC bulls (Table 3 ).
The average difference in competitive order number between the two bulls in each pair was 2.5 _+ .4, based on the first competitive order tests. This difference increased (P < .09) to 5.4 + 1.5 between the two bulls in a pair based on the second competitive order tests. The mean change in competitive order number over time was not different (P > .10) between high and low SC bulls (-.2, + 1.9 vs -1.7 + 1.9, respectively). Among all 20 bulls tested, 40% decreased in competitive order number, 50% increased and 10% remained the same between the first and second tests.
During the 10 double-sire tests, the more competitive bull of the pair was a high SC bull two times and a low SC bull eight times. There was an effect of competitive order and SC on the number of mounts and services (Table 4) . If the more competitive bull of the pair was a low SC bull, the bull achieved more (P < .09) mounts than if the more competitive bull was a high SC bull. If the more competitive bull of the pair was a high SC bull, the bull achieved more (P < .09) services than if it was a more competitive, low SC bull. If the less competitive bull was a high SC bull, it had more (P < .006) services than a low SC, more competifive, bull.
After the pasture tests were completed, high and low SC bulls had similar (P > .10) body aDesignates that the bull in the pair was more competitive than the other bull, as determined by resource deprivation tests.
bDesignates that the bull in the pair was less competitive than the other bull, as determined by resource deprivation tests.
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and testes sizes and semen traits (Table 5) . There was no difference (P > .10) between SC groups in the number of mounts achieved or the mounts:service ratio, in contrast to the evaluations conducted prior to the pasture
Discussion
There was no difference in the number of mounts or services between SC groups in the single-sire tests, Rupp et al. (1977) reported that the number of heifers mounted by a bull in single-sire matings increased as the number of available heifers increased. In the present study, each bull had 15 estrual heifers available and served only 25 to 30% of these heifers, but each heifer served was served approximately twice (Table 2) . Perhaps the relative inexperience of the bulls in combination with their being placed with females without other bulls present played a role in their mounting behavior. The bulls had been tested in groups of four to five bulls previously, and were allowed to observe mounting activity prior to testing. Although there were heifers mounting other heifers in the pasture tests, the bulls may not have been as stimulated as during the SC tests in the smaller pen with restrained females. Boyd and Corah (1988) found that additional sexual experience can increase the level of mounting and mating activity in young bulls. The bulls used in the current study had similar levels of experience, but they still may have been in the process of learning when the pasture tests were conducted. Lunstra (1986) reported that bulls tested individually had lower levels of sexual activity than bulls tested in groups of three or five. The fact that the number of mounts increased in double-sire tests may be due to the presence of the second bull in the pasture. The number of services achieved by high SC bulls in the double-sire tests was almost double the number achieved by the low SC bulls. This fact, in combination with the data presented in Table 4 , suggests that in doublesire mating situations, a high SC bull will achieve more services than a low SC bull. This appears to be the case even when the high SC bull is less competitive than the low SC bull. Rupp et al. (1977) reported that subordinate bulls had less activity than more dominant bulls in multiple-sire matings. Rupp et al. (1977) did not report SC of the bulls, so it is not clear whether there was any interaction between social ranking and SC. Blockey (1979) found that in a group of bulls with a stable social order, dominant bulls achieved more services than subordinate bulls. When the social order was not clearly defined and stabilized in a group of 2-yr-old bulls, there was no influence of social dominance on sexual activity (Blockey, 1979) . This may explain the lack of effect of competitive order on sexual behavior in the current study. The bulls were 13 to 16 mo at the time of competitive order testing, and at this age, the social hierarchy is not clearly established in bulls (Blockey, 1979) . There was some shift in competitive order among the bulls in the present study between the two evaluations. Although not reported in the results, bulls at the extremes of the social structure did not change order, but the bulls in the middle range shifted positions to a greater degree. This is indicative of an unstable social order in this group of bulls (Blockey, 1979) .
The fact that there was no difference in fertility between high and low SC bulls in single sire tests is in agreement with some reports (Chenoweth, 1978; Smith et al., 1981; Makarechian et al., 1987; Boyd et al., 1989) and disagreement with others (Blockey, 1978; Lunstra, 1986) . Blockey (1978) found that high SC bulls produced a higher conception rate on the first detected estrus, but overall pregnancy rate during a 6-wk period was not different between SC groups. Lunstra (1986) found that high and medium SC bulls had a higher pregnancy rate when mated to 50 heifers per bull over a 20-d period than did low SC bulls. These bulls had similar semen quality traits and differed only in SC classification. However, the bulls in the present study differed in SC and had similar semen quality and testes size, but no difference in fertility was detected. Perhaps the test period of 6 h and 15 estrual females was not rigorous enough to adequately test the bulls. Because there was no difference in the number of mounts and services between SC groups in the single-sire tests, perhaps neither group was tested at the limit of its fertility or mating ability. Only when the bulls were tested in the double-sire situation was a difference in sexual activity observed. There may have been an interaction between the two bulls that caused the high SC bull to increase its level of sexual activity. The relationship between sexual activity and social rank is not clear. Rupp et al. (1977) reported that dominant bulls mounted more females than subordinate bulls, whereas Blockey (1979) found that social rank among a group of 2-yr-old bulls had no influence on sexual activity. It did appear that competitive order had less influence on the number of services by a bull than SC did (Table 4) ; this may be due to avoidance of large differences in competitive order of bulls paired. The high SC bulls that were paired with a more competitive low SC bull had more services in the double-sire tests. Among the more competitive bulls of the pairs, the high SC bulls had more services and fewer mounts than the low SC bulls, which indicates that sexual aggressiveness was more important than competitiveness in controlling the behavior of the bulls under the conditions of this study.
Implications
These results indicate that serving capacity can influence the level of sexual activity in young bulls used in multiple-sire mating systems. In single-sire systems, there was no difference in sexual activity or fertility of bulls differing in serving capacity. Competitive order appeared to have a lesser effect on mating activity in double-sire test than did serving capacity. Competitive order was unstable in young beef bulls and changed over time, but it had little relationship with sexual activity or fertility. Producers using bulls in multiplesire mating systems should group the bulls by age and serving capacity, with competitiveness being a secondary consideration, If high serving capacity bulls are used, more females will be serviced and become pregnant than if low serving capacity bulls are used.
